An expedient and concise synthesis of (S)-trans-γ-monocyclofarnesol is here described. The aforementioned sesquiterpene was prepared starting from enantioenriched (S)-γ-dihydroionone, which was in turn obtained from racemic -ionone through the combined use of two previously developed processes. Key steps of the presented synthesis are the stereoselective Horner-Wadsworth-Emmons reaction between triethyl phosphonoacetate and γ-dihydroionone and the effective fractional crystallization of the γ-monocyclofarnesol-3,5-dinitrobenzoate esters. By these means the target compound was obtained in good yield and with very high stereoisomeric purity.
The simplest compound belonging to this class is trans-γmonocyclofarnesol 1a (R=OH), which was first identified [1] among the minor metabolites formed by the mycelia of the fungus Helminthosporium siccans in the biosynthetic process that affords the antibiotic siccanin. More than twenty years after, the same alcohol was extracted from the liverwort Diplophyllum serrulatum [2] , confirming definitively its natural occurrence, albeit from two natural sources only.
Beside the rarity of 1a, a large number of its homologues (e.g. 1b-f) were isolated [3] [4] [5] [6] [7] , and the biological activity of some of these compounds [6] [7] [8] [9] [10] greatly increased the synthetic interest for the γ-monocyclofarnesyl structure.
It is noteworthy that all the aforementioned products are usually present in their corresponding natural sources as a single stereoisomeric form. More specifically, they show an enantiocentre of (S) configuration and a (E)-trisubstituted double bond. Since their biological activity is strictly related to their stereochemistry, chemical syntheses providing a high level of stereocontrol were particularly sought-after. For such purposes, (S)-trans-γmonocyclofarnesol is the most suitable chiral building block, having all the steric requirements already present in the molecular scaffold and allowing the preparation of higher homologues by exploiting the chemical reactivity of the hydroxy group.
Such a kind of approach was successfully employed for the synthesis of the alkaloid phenazinomycin 1e [9] . In this process the key intermediate 1a was prepared by means of an elegant, highly stereospecific, synthesis. Unfortunately, this alcohol was obtained through a very lengthy path, thus hampering the general use of this approach.
Two different syntheses [11, 12] afforded either 1a or the corresponding alkyl bromide starting from the enantiopure (S)-γ-dihydroionone, which was in turn obtained by degradation of the natural triterpenes ambreine and sclareol, respectively. In these procedures the (E)-trisubstituted double bond was built up stereoselectively, although close to a minority amount of the (Z)-isomer.
Recently, we have described [13] a very useful chemo-enzymatic synthesis of the enantioenriched (4R,6S)-acetoxy-γ-ionone (2) starting from racemic ionone alpha ( Figure 2 ). The following palladium-catalysed reductive elimination of the acetate functional group allows the preparation of (S)-γ-ionone (3), both in high enantiomeric and stereoisomeric purity. In addition, we have previously demonstrated that enantiopure γ-ionone isomers could be selectively reduced to the corresponding γ-dihydroionone derivatives by means of Bu 3 SnH and catalytic (Ph 3 P) 2 PdCl 2 [14] . The combination of these findings offers a reliable synthetic access to (S)-γ-dihydroionone (4), not strictly depending upon natural sources. With this chiral building block in hand, we looked for an effective and stereoselective C-2 homologation process. It was previously demonstrated [11] that Horner-Wadsworth-Emmons reaction between methyl diethylphosphonoacetate and γ-dihydroionone affords a 63:27 mixture of the (E)-and (Z)-γmonocyclofarnesyl methyl esters, respectively, which could be reduced to the corresponding γ-monocyclofarnesol isomers. Since neither the latter alcohols nor the starting esters are separable by chromatography, the fractional distillation of the isomeric mixture of the esters was employed in the stereoselective preparation of 1a.
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Otherwise, we found that the latter tricky separation can be avoided by combining an improvement in the condensation stereoselectivity with the direct purification of the obtained E/Z isomeric mixture of alcohols 1a, through fractional crystallization of their 3,5-dinitrobenzoate esters. More specifically, we observed a considerable increasing in the E/Z selectivity when the Horner-Wadsworth-Emmons reaction was performed both by using an excess of triethylphosphonoacetate instead of methyl diethylphosphonoacetate and by a carefully control of the reaction temperature (see experimental).
According to our protocol, (+)-4 was converted into an 83:17 mixture of the γ-monocyclofarnesyl ethyl esters (E)-5 and (Z)-5, respectively, in 94% overall yield. The latter isomeric mixture was then reduced with DIBAH to give the corresponding allylic alcohols, which were directly treated with 3,5-dinitrobenzoyl chloride and pyridine. Thus, the obtained esters mixture was crystallized three times from n-hexane. The collected crystals were obtained in 58% overall yield and turned out to be free of the (Z)-isomer. Indeed, neither the NMR analysis of (+)-6 nor the GC analysis of the alcohol 1a obtained from the aforementioned dinitrobenzoate ester revealed the presence of the unwanted isomer.
Furthermore, the purity of the γ-isomer increased from 96% to 98%, thus indicating that the fractional crystallization is in many respects a very effective purification procedure. As a final point, the basic hydrolysis of the ester (+)-6 afforded pure alcohol (+)-1a whose analytical data agree both with those reported for the natural product and with those described for the synthetic material.
Noteworthy is that the reported overall procedure was tested on a small scale (starting from a few hundred milligrams of γ-dihydroionone) and on a multi-gram scale, and analogous results were obtained. This flexibility corroborates the reliability of the process.
The exploitation of the obtained isomerically pure (S)-trans-γmonocyclofarnesol for the synthesis of further natural products is ongoing and the results will be presented in due course. 
(S)-γ-Dihydroionone (+)-4:
Compound (+)-4 (98% chemical purity; 96% ee; isomers ratio ::β = 96:3.5:0.5) was obtained by reduction of (S)-γ-ionone, in turn prepared from (4R,6S)-acetoxy-γionone, according to our previously reported procedures [13, 14] .
[] D = +16.5° (c = 1, CHCl 3 ); Lit. [14] : [] D = +19.4° (c = 1.2, CHCl 3 ) 1 H NMR, 13 C NMR, MS in accordance with those previously reported [14] .
(S)-Ethyl 5-(2,2-dimethyl-6-methylenecyclohexyl)-3-methylpent-2-enoate 5:
Triethyl phosphonoacetate (7 g, 31.2 mmol) was added dropwise under nitrogen over a period of 1 h to a stirred suspension of NaH (60% in mineral oil; 1.25 g, 31.2 mmol) in dry THF (25 mL) at 0°C. To the resulting mixture was slowly added a solution of (+)-4 (2 g, 10.3 mmol) in dry THF (5 mL). When the addition was complete, the reaction was slowly heated at 50°C, stirring until the starting ketone was no longer detectable by TLC analysis (3 h dropwise under nitrogen to a stirred solution of ester 5 (E/Z ratio 5:1, 2.64 g, 10 mmol) in dry THF (40 mL) at 10 °C. The reaction was stirred at 0°C for 1 h, then diluted with diethyl ether (100 mL) and quenched with a saturated solution of NH 4 Cl aq. (50 mL). The mixture was acidified with diluted HCl aq. and extracted with diethyl ether (2 × 100 mL). The combined organic phases were washed with brine, dried (Na 2 SO 4 ) and concentrated under reduced pressure. The residue was dissolved in CH 2 Cl 2 (10 mL) and treated with pyridine (2 mL), DMAP (15 mg, 0.1 mmol) and a solution of 3,5-dinitrobenzoyl chloride (3 g, 13 mmol) in CH 2 Cl 2 (5 mL). After complete transformation of the starting alcohol the mixture was diluted with water (200 mL) and extracted with diethyl ether (2x150 mL). The combined organic phases were washed with aq. NaHCO 3 (5% solution), brine and then dried (Na 2 SO 4 ). Concentration at reduced pressure gave an oil that was purified by CC (n-hexane/Et 2 O 9:1) and crystallized 3 times from n-hexane. The ester (+)-6 (2.4 g, 58% yield) was obtained as colorless crystals showing 99% chemical purity, free of Z-isomer and showing a γ/α isomeric ratio of 98:2 (by NMR analysis). MP: 82-83ºC.
[α] D : +10.5 (c 2.1, CHCl 3 ). 1 2 mmol) was dissolved in methanol (5 mL) and treated with NaOH (1 g, 25 mmol) in methanol (5 mL) stirring at rt until the starting ester was no longer detected by TLC analysis. The mixture was diluted with water (50 mL) and extracted with diethyl ether (2 x 50 mL). The organic phase was washed with brine, dried (Na 2 SO 4 ) and concentrated in vacuo. The residue was roughly chromatographed (n-hexane/Et 2 O 9:1) to give (+)-1a (255 mg, 95% yield) as a colorless oil showing 97% chemical purity (by GC) and a γ/α isomeric ratio of 98:2 (by NMR analysis). Supplementary data: Copies of the 1 H NMR, 13 C NMR and DEPT NMR spectra of the (S)-trans-γ-monocyclofarnesol 1a are available.
